Background: Our objective was to evaluate the measurement properties of the Pain Stages of Change Questionnaire (PSOCQ) and its four subscales Precontemplation, Contemplation, Action and Maintenance. Methods: A total of 231 patients, median age 42 years, with chronic musculoskeletal pain responded to the 30 items in PSOCQ. Thresholds for item scores, and unidimensionality and invariance of the PSOCQ and its four subscales were evaluated by Rasch analysis, partial credit model.
Background
Chronic musculoskeletal pain is a major cause of sickness absence and disability [1] and represents a great challenge to society. Self-management is increasingly emphasised as part of a multidisciplinary treatment program [2] . However, clinical experience indicates that some patients participating in these programs improve, whereas others do not benefit [3] . How motivated the patient is to engage in treatment recommendations may affect the way a person carries out the program. It may also determine the outcome and influence the choice of clinical approach [4, 5] . Hence, there is a need for clinical evaluation tools to determine the orientation and motivation of the patient towards a self-management approach.
Kerns and colleagues proposed a model for conceptualising the process of adopting a self-management approach to chronic pain, and developed the Pain Stages of Change Questionnaire (PSOCQ) [6] . PSOCQ is based on the Transtheoretical Model (TTM) for behavioural change. A central construct of the model is the Stages of Change [7] . The questionnaire measures the extent to which an individual accepts personal responsibility for pain control and is considering making behavioural changes to cope with the pain. It is composed of four scales: Precontemplation, Contemplation, Action and Maintenance that correspond theoretically to different stages of change. A central challenge with PSOCQ is the problem of assigning patients to reliable stage groups. Studies have pointed out the relative lack of difference between persons identified as being in different stages [6, 8, 9] . The stages also overlap regarding correlation to other characteristics of the patients like pain, emotional distress and coping [10] .
Three lines of research have been adopted to approach this challenge. The most used approach has been to adopt the participant's single highest subscale score [8] . Alternative versions of PSOCQ have been developed and evaluated to attempt to improve the discriminant validity of the scales [11, 12] . The third alternative has been to create individual profiles of scores based on scoring profiles on the subscales [10, 13] .
The factor structure of PSOCQ has been explored revealing from two to four factors [9, 11, 14] . Most consistently there is a high correlation between Action and Maintenance [14] . However, the measurement properties of the subscales regarding internal consistency, possible redundancy of items and invariance across subgroups of patients have not been investigated. Rasch analysis provides the information of these properties, as well as the unidimensionality of a measurement [15] . Invariance of a measurement or subscale regarding important characteristics of the patients is also a prerequisite to obtain sumscores across patient subgroups [16] . Age, gender and education are important factors that may influence measurement of readiness to self-management life [17, 18] .
Although no measurement provide the possibility to evaluate concurrent validity directly, the relationship to pain, coping and emotional status is considered important to evaluate aspects of self-management [14] .
Our objective was to evaluate the PSOCQ and its four subscales by Rasch analysis in order to answer the following questions: Approximately 5% of the referred patients did not meet the inclusion criteria. Of 549 eligible subjects, 263 subjects (48%) gave informed consent, and one subject was excluded due to suspected malignancy. Thirty-two responders were excluded due to lack of responses to some of the measurements, leaving 231 people who gave consent. The average age of the participating patients was 42 years (SD 10, range 19-66 years), and 53% were female. The subjects underwent a clinical examination and included patients with painful conditions with different ICD 10 diagnoses in chapters M00-M99. All included patients had longstanding musculoskeletal pain (> 6 months; 90% had had pain for more than one year and 23% for more than 10 years). Low back and leg, neck-, shoulder and arm pain, and multiple pain sites comprised 47%, 31% and 22% of the population, respectively. Twenty per cent had primary school education, 40% had vocational training, 12% had high school education and 28% had college/ university education. At the time of the study, 32% were working, 33% were on sick leave, and 35% were in a rehabilitation program, disability or age pension. The consenters had a higher educational level (Primary school education in non-consenters 36%, and College/University 24% in nonconsenters and included more men (47% versus 24% among non-consenters). The study was approved by the Norwegian Regional Committee for Medical Research
Measures
The Pain Stages of Change Questionnaire (PSOCQ) is a measure of individuals' readiness to adopt a selfmanagement approach to chronic pain conditions [6] . PSOCQ is composed of 30 items grouped in four distinct scales that represent the four stages of change from the Transtheoretical Model of behaviour change: Precontemplation (7 items; belief that management of the pain problem is primarily the responsibility of medical professionals), Contemplation (10 items; consideration of adopting a self-management approach, but reluctant to give up a medical solution), Action (6 items; beginning attempts to improve self-management skills), and Maintenance (7 items; commitment to pain self-management). Each item is accompanied by a 5 point Likert scale with scoring alternatives ranging from "strongly disagree" [1] to "strongly agree" [5] . The validated Norwegian version of PSOCQ was used [19] . Only two subjects had missing items in PSOCQ which were handled by the Rasch analysis [20] .
Pain intensity
Pain intensity during activity was measured for the last week by numeric rating scale (NRS) from 0 (no pain) to 10 (worst pain imaginable).
Hopkins symptoms check list -25 (HSCL-25)
Psychological distress was assessed by the Norwegian version of Hopkins symptoms check list version 25 (HSCL-25). Validity of the instrument for assessing dimensions of psychological distress has been found in several studies [21, 22] . The questionnaire contains 25 questions comprising the dimensions of depression, anxiety and somatisation. The items are scored on a 4 points Likert scale ranging from not at all [1] to very much [4] . The scores of the items are summed and then divided by 25. This gives a possible total score range for HSCL-25 from 1.0 to 4.0. The cut off score for HSCL-25 is suggested to be 1.70 [22] . A higher score indicates a higher level of emotional distress. The subjects mean score in HSCL substituted occasional missing items in individual subjects according to the recommendations [23] .
Arthritis self-efficacy scale (the self-efficacy for pain subscale)
Self-efficacy was assessed using the subscale of pain in the Arthritis Self-Efficacy Scale (ASES) [24] . The instrument has been validated for a Swedish population [25] , and the Norwegian version of the ASES self-efficacy for pain subscale has been used in several studies on back pain [26, 27] . The scoring options used a Likert scale ranging from "totally disagree" (0) to "totally agree" [10] . The raw scores for the 5 items are summed and then divided by 5, giving a possible range from 0-10. A higher score indicates a higher degree of self-efficacy for pain.
Data analysis and statistics
Descriptive statistics with mean, SD and frequencies were applied to describe the patient population. The people who gave consent and those who did not were compared with independent sample t-tests and the Chi-square tests (gender and education). For the Rasch analysis, age was dichotomised according to the median age (42 years), and education was dichotomised into the groups 12 years and below and higher education (above 12 years).
The Rasch analysis, partial credit model, was applied for PSOCQ and its four subscales, as the likelihood ratio test indicated lack of fit to an interval model (p < 0.001). This model is valid without the assumption of equidistance between the scoring options for each item (I) [28] . The ordering of scores for each item was examined, and scores with overlapping thresholds collapsed. Local response dependency of the items was evaluated by correlation of the residuals of the categories, with a coefficient of 0.3 as threshold value. Negative correlations between the residuals indicate multidimensionality.
Fit of individual persons and items was reported as a mean logit with SD, a mean logit of 0 and a SD of 1 representing an optimal fit of the items. The fit of the items was statistically evaluated by standardised residuals and Chi-square statistics according to the Weighted Maximum Likelihood Method [29] . Residual values within ±2.5 and a non-significant Chi-square probability value were considered to indicate adequate fit to the Rasch Model of each item [30] .
To study the overall fit of items and persons to the Rasch model of the PSOCQ and its subscales the Chisquare item trait interaction statistics was applied [30] . A non-significant probability value supports fit to the model. Verification of unidimensionality was undertaken by creating two subsets of items representing the items with the most positive and most negative residuals according to a Principal Component Analysis. Person estimates for each of the two subsets were calculated, and compared by paired sample t-tests [31] . Similar estimates indicate unidimensionality of the underlying construct. The percentage of t-tests with p values below 0.05 and the corresponding Confidence interval (CI) were reported. The recommendation for a unidimensional construct is that CI should include 0.05.
Differential Item Functioning analyses (DIF). is assessed by analysis of variance for each item, comparing scores across each level of age, gender, and education [16] . Significant main effects (uniform DIF), interaction (nonuniform DIF) and subgroups of the patients (class intervals according to the level of readiness for selfmanagement) were evaluated. Improvement of fit by split of the items with DIF was explored before removing items. The F ratio (F) for the group difference and probability (p) were given for the DIF analysis. To provide information about how the item captures the different levels of readiness to self-management, the hierarchical distribution and location (log value) of the items and persons are reported for the subscales. A scale is perfectly targeted when the mean of the persons is similar to the mean of the items. The Person Separation Reliability Index (PSI) is reported, providing an indication of consistency of items, and thus the power to discriminate among persons with different levels of readiness to self-management. The PSI is comparable to Cronbachs alpha but with a linear Rasch based transformation of scores [32] . A value above 0.8 was deemed to differentiate across at least 3 patient groups [30] . Subtest analysis was conducted with each subscale representing one item (superitem) in the Rasch analysis. The sumscores of the Precontemplation, Contemplation, Action and Maintenance subscales were calculated. The Rasch calibrated person estimates based on the items fitting the Rasch model in each subscales were also calculated.
The Rasch analysis was performed in RUMM 2030 (RUMM laboratory, Perth, Australia). Other analyses were performed by SPSS for Windows version 18.0. A significance level of 0.05 was adopted. This significance level was Bonferroni corrected, according to the number of items and groups tested [33] .
Results
The 30 items in the PSOCQ did not fit the Rasch model as indicated by the Chi-square item trait statistics (X 2 = 198, p < 0.0001). The fit of the residuals for the items was 0.44, SD 0.73 and the fit of the persons −0.40, SD 2.01, which indicate misfit of the persons to the model. The threshold pattern for the scores of the items was disordered for twelve of the items in PSOCQ. The scores had to be collapsed in order to obtain distinguishable thresholds along the trait. However, correlation analysis of residuals revealed extensive local response dependency (correlation coefficient >0.3) and also substantial negative correlation coefficient indicating multidimensionality. Rescoring of the thresholds for the twelve items, removal of items with correlation coefficients >0.3 and sequential removal of the items with the highest negative correlation coefficients of residuals did not obtain a solution with fit to the Rasch model. The Principal Component Analysis revealed four factors with Eighen value above 1.5. Hence, the items were split into the four subscales and reanalysed.
Precontemplation
Two of the seven items displayed disordered thresholds and categories had to be collapsed (Table 1 ). There was no local response dependency. The item I12 My pain is a medical problem and I should…, I22 I still think despite what doctor tell me..and I24 The best thing I can do is to find a doctor.. did not fit the model and were removed (fit residual >2.5). A slight DIF by age was found for the item I25Why can't someone just do something…, with subjects above 42 years reporting higher levels than expected by their overall level of Precontemplation. However, as this DIF did not cause significant misfit of the item, and split of the item did not improve fit, it was kept without split in the subscale.
The overall
Chi-square statistics was 16.48, df =12, p = 0.17 indicating fit to the Rasch model. Person estimates were calculated for the most positively loaded and the most negatively loaded items. PCA of the residuals of these two estimates did not differ significantly as evaluated by the t-test (1.20%, CI 0.50% to 4.63%). PSI was 0.50, which indicates rather low internal consistency, and there were negative residual correlations below −0.3 between three of the items indicating some remaining multidimensionality. The mean person location was −0.20 (SD 0.78) indicating adequate targeting as well as distribution of the threshold for the scores of the items patients ( Figure 1A ).
Contemplation
Four items had disordered thresholds and were rescored ( Table 1) . No DIF by age, gender or education was found. Item I8 Even though my pain is not going away… and I9 I have realised now that it is time for me to come up.. showed local response dependency with a residual correlation of 0.36 and the latter item also misfitted the model and was removed. . Item I15 I have recently figured out that it is up to me..,, I21 I am starting to wonder whether it is up to me.. and I23 I have been thinking that doctors can only help.. misfitted the model (fit residual outside ±2.5). No DIF could explain this misfit and guide split of the items, hence these items were removed. The remaining seven items fitted the model (Table 2) , and the item trait interaction statistics (X 2 = 12.15, df = 18, p = 0.84) was not significant. PSI was 0.77. The t-test supported unidimensionality (5.63%, CI 2.66% to 8.60%). The mean person location was 0.49 (SD 1.24) indicating slightly higher contemplation ability among subjects compared to the items, however with a well distribution of the threshold for the scores ( Figure 1B ).
Action
One item was rescored due to disordered threshold ( Table 1) . No local response dependency or DIF was found for the items in this scale which all fitted the Rasch model (Table 2 ) and revealed a non-significant item trait statistics (X 2 = 19.88, df = 18, p = 0.34). However, PSI was 0.59 and rather low. The t-test supported unidimensionality (5.26% CI 2.36% to 8.16%).
Mean location of persons was −0.07 (SD 0.80) indicating rather good targeting of the trait and distribution of thresholds for the items ( Figure 1C ).
Maintenance
One item was rescored ( Table 1) . No local response dependency or DIF was found. I13 I am beginning to wonder if I need some help…, misfitted the model and was removed. The remaining six items fitted the model (Table 2) , and also the overall fit statistics was non-significant (X 2 = 10.88, df = 18, p = 0.92. PSI was 0.80, and the t-test supported unidimensionality (6.49% CI 3.03% to 9.50%). Mean location of persons was 0.41 (SD 1.35) indicating a slight offset with the subjects capturing slightly higher level of maintenance than the items. There was also a gap in the distribution of thresholds for the items (Figure 1D ).
Subtest analysis
Subsequently a subtest analysis of the whole PSOCQ scale was performed by creating subtest of the fitting items in each subscale. Overall fit to the Rasch model was not found (X 2 = 47.71, p < 0.001), with local response dependency of 0.40 between the Action and Maintenance scale and misfit of the Precontemplation subscale.
Relationship between subscales and pain, emotional distress and self-efficacy
The Rasch calibrated person estimates for the Precontemplation subscale kept its external validity indicating that high level of the Precontemplation trait was associated with higher pain during activity, higher emotional distress and lower self-efficacy. Less consistent associations were found for the other subscales. The positive association between the self-efficacy and the Maintenance sucscale, while the association to the Action subscale is worth noting. Furthermore, the reduced number of items in the Rasch adapted subscales did not alter the associations (Table 3 ).
Discussion
The present Rasch analysis did not support our explorative hypothesis of one unidimensional construct of readiness to self-management of pain. Consistent with results obtained by factor analysis in previous studies, the PSOCQ had to be revised and divided in subscales. Also in accordance with previous factor analysis showing close relationship between the Action and Maintenance subscales [14] , the present results indicated the possibility of combining these subscales.
Identifying readiness to self-management and adhering to rehabilitation is of importance in pain management [34] . Within this framework, the PSOCQ, with its four subscales, has been developed and applied [6] . The number and content of subscales have been subject to discussion [9, 12, 14, 19] . The inconsistent results may partly be flawed by applying statistics assuming scaling properties on the ordinal measurement PSOCQ [35] . Furthermore, based on the poor predictive value of the subscales in PSOCQ regarding pain recovery, alternative strategies to single out predictive factors from PSOCQ including creating cluster profiles, have evolved [13] . Hence, applying modern measurement theory i.e. Rasch analysis not assuming Bonferroni corrected significance level 0.008 Table 3 Pearson correlation coefficient and p-value for the association between the PSOCQ subscales and pain during activity, emotional distress and self-efficacy Contemplation r = 0.04,p = 0.59 r = 0.18, p = 0.08 r = −0.05, p = 0.46 (r = 0.06,p = 0.36) (r = 0.14, p = 0.04) (r = −0.12, p = 0.09) Action r = 0.08,p = 0.90 r = −0.15, p = 0.02 r = −0.28, p < 0.001* (r = −0.09,p = 0.90) (r = −0.17, p = 0.01) (r = −0.27, p < 0.001) Maintenance r = −0.04,p = 0.57 r = −0.19, p = 0.04 r = 0.22, p = 0.001* (r = −0.03,p = 0.71) (r = −0.17, p = 0.01) (r = 0.19, p = 0.005)
The results based on the Rasch calibrated person estimates for the revised subscales are reported with the results for the original uncalibrated sumscores in parenthesis. *Bonferroni corrected significance level 0.02.
interval scaling of the responses may provide new insight into the dimensionality of PSOCQ. An important requirement is that the measurement should represent a single underlying construct [30, 36] . Further, if reflecting several constructs, each construct should be summed up in a separate subscale. The PSOCQ is based on the TTM for behavioural change, and theoretically reflects four stages of change (the four subscales). Hence, as expected, all 30 items in PSOCQ could not be fitted in a single construct in the present analysis. The Principal Component Analysis which is a factor analysis but based on Rasch corrected instead of raw scores as recommended for ordinal measurements [35] . Furthermore, correlations of the residuals from the Principal Component analysis were evaluated. The positive correlations among the residuals of the items in PSOCQ indicate that the responses to the items are not independent of each other [37] . Independent responses to each item, is a necessary requirement for a measurement, and lack of independency may inflate the judged reliability of the scale.
The positive residual correlation between the Action and Maintenance subscales revealed in the subtest analysis indicate local dependency between these subscales and may favour a collapse of these subscales. This is in agreement with previous studies identifying three factors in PSOCQ [9] . The lack of fit of the four subscales to a common construct in the subtest analysis support the notion of separate phenomenon reflected by the subscales of PSOCQ.
The Precontemplation and Contemplation items fitted the Chi-square item trait statistics after the removal of three and four items, respectively. The items contained in the Precontemplation subscales reflect that the person still seeks medical or external solutions to the pain. However, even after rescoring and removing misfit items several negatively residual correlations between the items were found in the Precontemplation subscale. Negative correlation coefficients indicate multidimensionality [31] . Furthermore, internal consistency of the items as evaluated by the PSI was far from optimal. PSI is equivalent to Cronbachs alpha but can be calculated with missing values. The present low value implies that the scale cannot differentiate between subjects with different levels of the Precontemplation trait [30] , which is important from a clinical perspective. This unsatisfactory internal consistency may be caused by slight differences in underlying constructs of the items supported by the negative residual correlations of these items. The finding of multidimensionality in the Precontemplation subscale is not surprising, as the individual items reflect different characteristics like believe in medical solution, lack of pain control, and fear of movement. Possibly, rephrasing of some of the items may be needed in order to reduce misfit, but was beyond the scope of this study. On the other hand, the four items covered the distribution of the Precontemplation trait in the persons and the subscale was well targeted. The Precontemplation has been considered to have the best predictive value for poor treatment outcome among the subscales [38] . Even with only four retained items, the association to pain, emotional distress and self-efficacy was kept by the revised Precontemplation subscale.
The items in the Contemplation subscale indicate considerations of starting to use pain self-management techniques. The seven items fitting the Rasch model in this subscale revealed far better intrinsic measurement properties than the Precontemplation items, with the ability to differentiate between two levels of the contemplation trait as evaluated by the PSI trait [30] . The Contemplation subscale had weaker relationship to pain, emotional distress and self-efficacy than the Precontemplation subscale in accordance with several previous studies [9, 12, 19] . This weaker relationship along with the lack of fit in the subtest may be a reason to reconsider the necessity of keeping the Contemplation subscale in the PSOCQ.
The measurement properties of the Action and Maintenance subscales were rather good after slight modifications of included items and scores. The close association between these subscales may represent a possibility for collapse and reduction in the number of items. The negative correlation between Action and self-efficacy, while the Maintenance trait was positively associated with self-efficacy could contradict this conclusion. Further studies investigating the possibility of characterising subjects according to the Precontemplation and Maintenance subscale is advocated.
At last, the items in the subscales of PSOCQ were robust to variance according to important factors like age, gender and education, which is important to be able to sum the scores in persons with different age, education and gender. Of course, this is also a prerequisite to the validity of the scale.
A body of literature indicates that many commonly used ordinal scales may not meet the requirement of interval scaling necessary to calculate change scores of a measurement [39, 40] . The scaling properties can be evaluated by Rasch analysis [36] . Regarding PSOCQ, more that 30% of the items had to be rescored in order to provide valid and distinct score options, and several items had to be excluded due to misfit to the subscale construct.
Improving outcome measurements suited for rehabilitation in patients with chronic pain is important. Rasch analysis provides the possibility to assess the unidimensionality of the underlying construct, and also provide Rasch calibrated scores that can be used to calculate change scores and effect sizes [37] . However, applying Rasch analysis to an existing measurement does not raise the possibility of including new items or rephrase them. In addition, the present population was Norwegian and characterised by chronic musculoskeletal pain. Hence, differences across pain conditions and cultures will need to be assessed.
Conclusion
The present analysis revealed that all four subscales in PSOCQ fitted the Rasch model when misfit items were removed. No common construct for all subscales were identified, but the Action and Maintenance subscale were closely related. Invariance indicates applicability across subgroups of patients, but internal consistency was low for the Precontemplation and Action subscales. The Precontemplation subscale showed the strongest association to pain, emotional distress and self-efficacy.
